Introduction
Nowadays, an interest in organic farming is increasing in many countries [1] . In this specific farming system use of synthetic fertilizers and chemical plant protection measures is forbidden. The limitation of pests, diseases and weeds is provided by agricultural practices which create a beneficial condition of canopy and soil, such as crop rotation, fine and careful tillage, organic fertilization, date and density of sowing as well as mechanical, biological and physical methods of plant protection. An appropriate variety choice is a crucial component of agricultural practices. Selection of cereal varieties suited to organic agriculture requires a different approach to that used in the conventional high input system [2] [3] [4] .
Organic farming gives a reference to varieties of cereals which are characterized by winter hardiness, high competitive ability against weeds (growth rate, length of stem, tillering rate, surface and angle of leaf attachment), tolerance to fungal diseases, ability to uptake of nutrients as well as resistance to nutrients deficiency stress [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Moreover the ability of symbiosis with mycorrhizal fungi can be important as it supports uptake of water and mineral nutrients from the soil and improves wholesomeness of plants [4] . Preliminary research indicates organic farming system has low influence on physical and chemical characteristics of grain, with the exception of the total protein content [15] . Some authors suggest that old varieties of cereals were characterized by greater competitiveness against weeds because of longer stems, more prolific tillering and larger leaf area, which increase shading and decrease weed infestation [2, 16, 17] . In breeding process, the stem has become shorter and other features connected with high yields were promoted, according to chemical plant protection [18] . Because of the lower competitiveness of modern varieties 2009 was delayed, which limited the effectiveness of harrowing. Threefold harrowing of winter wheat caused damage to plants. Late spring, lack of precipitation and night frosts until mid-May disturbed the phases of tillering, stem elongation and earing. As a result, the density of wheat canopies was low, which created favorable conditions for weeds. The weather conditions in the autumn of 2009 were suitable for growth and development of winter wheat. Snow mould and frost till the end of April of 2010 had adverse effects on development of winter wheat. Sparse wheat canopies competed worse with weeds. Growing season was characterized by an unfavorable distribution of temperature and precipitation: dry April and heavy rains in May (110 mm). High temperature and drought in June and July negatively affected yields of spring wheat (Table 2) .
Grain yield and components of its structure were estimated in 25m 2 plots in 8 replications. Stem and leaves were scored for infestation rate with fungal pathogens at mik-dough stage (BBCH 77-83). Forty individuals in 4 replications for each variety were taken for plant pathology analysis purposes. Percentage of the disease-damaged leaf blade surface was determined in accordance with the recommendations of the EPPO [19] . A 4-step infestation scale was used to calculate the stem base infection index.
The number of weeds and their dry matter were assessed at dough stage of wheat (BBCH 85-87), on an area of 0.5 m 2 , in four replications for each variety. Moreover, the biometric The results were analysed statistically. Analysis of variation for the completely randomized model was applied and the significance of differences between means was verified by Tukey test at α=0.05. Pearsons' correlations between grain yield of winter and spring wheat varieties in organic system and yield limiting factors as well as morphological features and canopy parameters were performed. Cluster analysis using Furthest Neighbour method was done in order to divide varieties into groups with similar characteristics. Calculations were performed using Statgraphic Plus version 2.1.
Results and discussion

Estimation of winter wheat varieties suitability for cultivation in organic farming
Yields of winter wheat cultivated in organic farming system were strongly differentiated in years. An average for all varieties reached from 2.1 t ha -1 in 2010 (unfavorable weather conditions) to 5.4 t ha -1 in 2008 (good weather conditions) ( Table 3, 4) .
No clear information about yields of winter wheat varieties cultivated in organic farming was achieved. Among the varieties that are in the Registry, Smuga gave the highest yields. That variety yielded so high in the growing season of 2009/2010 thanks to its good winter survival (Table 3) .
Grain yield in conventional farming system was, on average of 4 varieties, 45% higher than in organic farming system ( Table 3, 5) . The difference between those two farming systems was: 30% in 2008, 49% in 2009 and 61% in disaster-year 2010. Yield differences between organic and conventional farming systems were 37% for a cv. Kobra and 45% for a cv. Bogatka. Research conducted in 2005-2007 on varieties: Roma, Kobra, Zyta, Sukces revealed that average yield differences between organic and conventional farming system were 19%. The old varieties of common wheat: Ostka Kazimierska, Kujawianka Więcławicka, Wysokolitewka Sztywnosłoma were not very useful for cultivation in organic system because of low grain yield [20] . Number of ears per 1 m 2 in organic system was lower than in conventional one, despite the same sowing rate, by 14% in 2008 to 47% in 2010, due to lower density of wheat in organic farming system after the severe winter. Also, the differences between grain weight between two farming system were observed (15% for Kobra and Bogatka cultivars on average) ( According to Seufert et al. [21] , crop yields in organic farming are from 5 to 34% lower than those in conventional farming. Those differences depend on plant species, soil type, fertilization, agriculture level and economic development of the country. Tyburski and Rychcik's [22] study showed that winter wheat yield can reach 4.27 t ha -1 in an organic farm and 5.63 t ha -1 in a conventional one. According to the authors correct crop management in some of organic farms can result in crop yields to be almost as high as in conventional farms.
Weed infestation is one of the most strongly limiting factors to cereals yields in organic farming system. Weed communities differed in years and between tested varieties. The lowest level of weed infestation was observed in 2008 (19-46 g m -2 ), whereas the biggest dry matter of weeds was noted in 2010 (170-345 g m -2 ) ( Table 6 ), the latter being connected with sparse canopies after winter (Table 4 ). Percentage loss of plants during the winter was the highest in Bogatka and Tonacja and the lowest in Smuga ( Table 4 ). The comparison of common wheat and spelt wheat varieties showed the highest abundance of weeds in Tonacja, Kobra Plus and Bogatka ( Weed infestation of winter wheat cultivated in conventional system was low (3.0 plants m -2 , 2.1 g m -2 on average) and did not differ significantly between varieties and years due to the intensive chemical weed control using herbicides ( Table 1, 7) . That level of weed abundance did not affect yields of winter wheat.
Varieties of common wheat and spelt wheat differed for some morphological features and for canopy structure. Among tested cultivars spelt Schwabenkorn was significantly the tallest (122 cm on average at dough stage) ( Figure 1 ). Differences in height between spelt and common wheat varieties increased with advancing plant age, which influenced the competitive ability against weeds and was reflected in dry matter of weeds ( Table 6 ). The lowest variety in the first stages of growth was Tonacja, while at dough stage Kobra Plus characterized with significantly the smallest stem length (85 cm on average) ( Figure 1 ). In both of these varieties high level of infestation was indicated ( Spelt Schwabenkorn was characterized by significantly the most profuse overall tillering ( Figure 2 ). There were no differences in tillering of modern varieties of winter wheat.
* data marked with the same letters do not differ significantly at α=0.05 The highest density of plants was noted in a Smuga throughout the growing season and the lowest in spelt Schwabenkorn (Table 8 ). Plant density was the highest in the best weather conditions of 2008 and lowest in 2010, which was caused by poor winter survival of wheat (table 1, 4, 8) . In 2010 weed infestation was determined more by plant density than by morphological features of varieties. The largest biomass was produced by Smuga (Table 8) which could be the reason for its big competitiveness against weeds (Table 6 ). Bogatka and Kobra Plus canopies were characterized by the lowest biomass. Competitiveness against weeds is one of the criteria of variety selection for the organic farming system [7, 13] . The varieties with a rapid growth rate at the initial growth stages, the biggest height, tillering, the most horizontal (planophile) set of leaves to the soil surface, combined with a low susceptibility to the disease, which prolongs the duration of the foliage, have the highest competitive abilities [2, 8] . These features affects the ability of shading the soil surface, and thus photosynthetically active radiation penetrates into the canopy, which directly influences the growth of weeds. Some authors suggest that the height of the plants is the main reason for the differences in competitiveness against weeds [17, 23, 24] , but others believe that this factor has a marginal significance [25, 26] . Recent research on wheat and barley varieties showed that the differences between plant density influence the competitive ability more than do plant height and light penetration in the canopy [27] . Furthermore, some authors suggest that differences between varieties arise from their different allelopathic properties [10, 16] . Moreover, weed infestation suppressing ability of varieties vary because of their combined allelopathic and competitive abilities [28] . Those authors indicates that both the allelopathic potential and the competitiveness connected with morphological characteristics of variety are quantitative factors of complex inheritance which are also dependent on environmental conditions.
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The relationship between weed infestation and grain yield of winter wheat varieties was analyzed ( Figure 3-5 ). In 2008 the dry matter of weeds was low, less than 50 g m -2 and it probably had no significant effect on grain yield of wheat cultivars. Due to favorable weather conditions of that year grain yields were high, from 3.8 t ha -1 of hulled grain of spelt to 6.2 t ha -1 in Bogatka and Kobra Plus. At low weed pressure, Kobra Plus and Bogatka gave the highest yield, but when the weed infestation was high, 180 g m -2 and more, as in 2009 and 2010, the grain yield was low (Figure 4-5 ). At the weed infestation of 100-110 g m -2 spelt Schwabenkorn and Smuga gave high yields, about 4 t ha -1 (Figure 4 ). In 2010, due to poor winter survival of varieties and unsuitable weather conditions, the yields of all varieties were low ( Figure 5 ). Analysis showed that with the increase in dry weight of weeds grain yields decreased. The highest grain yields and the lowest infestation was found in Smuga, whereas Ostka Strzelecka and Tonacja were the lowest yielding variety with the highest weed weight (280-290 g m -2 ) ( Figure 5 ). The infection by pathogens can be as well as weed infestation the yield limiting factors in organic farming [6] . The similar effect can be produced by restricted nitrogen supply of plants [12] . The results showed that stem base disease incidence was relatively low in winter wheat varieties (approximately 10%) ( Table 9 ). Comparison of sanitary conditions of winter wheat growth under conventional vs. organic system indicate that crop rotation applied in organic farming system effectively limited stem base disease development. Incidence of stem base disease observed at milk-dough stage of winter wheat was twice lower in organic than in The Suitability of Different Winter and Spring Wheat Varieties for Cultivation in Organic Farming http://dx.doi.org/10.5772/58351 207 conventional farming system, although in conventional system with simplified crop rotation fungicides were used. On the other hand, incidence of leaf diseases was approximately four times higher in organic farming system than in conventional one ( Table 9 ).
The rate of infection by fungal stem base and leaf diseases differed from variety to variety (Table 9 ). Cvs. Tonacja and Ostka Strzelecka had the lowest rate of stem base disease infection. However those varieties (as well as Smuga) had the highest rate of infection by leaf diseases. A pathogen species infecting the common wheat was also different in years. Puccinia recodita had the highest rate of infection in 2008, Septoria spp. in 2009 and in year 2010 both those pathogens infected common wheat. Cvs. Kobra Plus and Bogatka showed the lowest rate of the leaf disease infestation in organic farming system through the years. However, they were highly infected by stem base diseases ( Table 9 ). Those varieties also revealed a high rate of fungal disease infestation in conventional farming system. Higher leaf infestation by fungal pathogens in organic farming system, as well as nitrogen deficiency during shaping of grains, negatively influenced nitrogen availability and decreased total protein content of the grain (Table 10 ). Varieties listed in the regional allocation of crops contained an average of 12.6% protein, although protein content in highly fertilized conven-tional farming was on average 2.1% higher. Differences in the total protein content between varieties were insignificant, both in organic and conventional farming system. Spelt Schwabenkorn was the only exception as it had a clearly higher content of proteins (compared to modern varieties) ( Analysis of correlation was done to assess the relationships between grain yield of winter wheat in organic system and factors limiting the yield as well as morphological features and canopy parameters. This analysis showed strong, negative correlation between grain yield of winter wheat and weed dry matter at dough stage (r=-0.792) ( Table 11 ). The grain yield was also significantly influenced by number of weeds and leaf infestation by fungal pathogens. There was no correlation between stem base diseases and grain yield of winter wheat in organic system. The tillering and height of common wheat did not have a significant impact on yields, but there was a strong correlation between grain yield and plant density. Weed infestation was significantly influenced by density of wheat, dry matter of wheat and its height. There was no significant correlation between tillering and parameters of weed infestation (Table 11) . Table 11 . Correlation coefficients (r) between grain yield and factors limited the yield, some morphological features and canopy parameters for all tested varieties cultivated in organic system at dough stage (N=72)
The cluster analysis based on a grain yield, weed and fungal infestation, some morphological features and canopy structure at dough stage allowed to divide varieties into 3 groups with similar characteristics (Table 12 ). The first cluster was characterized by the highest level of weed infestation (number and dry matter) and the smallest density of wheat plants and dry matter of wheat. This cluster was represented by 3 varieties: Kobra Plus, Bogatka, Tonacja with the lowest competitive ability against weeds, average level of grain yield and low leaf infestation by fungal pathogens (Table  12 ). The second cluster grouped 2 varieties: spelt Schwabenkorn and Ostka Strzelecka, with the lowest grain yield, small wheat density, medium level of infestation by weeds and leaf diseases. Third cluster was represented only by one variety -Smuga, which was characterized by the highest yields and the highest stand density and biomass. These parameters of Smuga's canopy influence its competitiveness against weeds and is reflected in the lowest weed infestation. If not for its highest leaves infestation index, Smuga would have been recommended variety for organic system (Table 12 ).
The most required features of cereal varieties cultivated in organic system are: winter hardiness, high competitive ability against weeds, tolerance of fungal diseases and ability to take up and effectively use fertilizers from soil [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Smuga, due to its winter hardiness, competitiveness ability against weeds and high yields seems to be suitable for organic farming system. A little less suitable (considering the same features) are spelt Schwabenkorn and Ostka Strzelecka. Kobra Plus, Bogatka and Tonacja were the highest yielders in years with good weather conditions, with optimal plant density and poorer weed pressure. The grain yield of these varieties was low when there was a high level of weed infestation (180 g m -2 and more), as in 2009 and 2010. Kobra Plus and Bogatka was also the less leaf fungal-infested varieties in organic system in the research period 2008-2010.
Summary
1. In organic farming system, among the tested varieties, Smuga gave the highest yields (4.26 t ha -1 ), while Ostka Strzelecka was the lowest yielder (3.17 t ha -1 ). Yields of spelt Schwabenkorn were approximately 13% lower than those of modern varieties (glume grain) (3,20 t ha -1 ). Old varieties of common wheat: Ostka Kazimierska, Kujawianka Więcławicka, Wysokolitewka Sztywnosłoma were not very useful for cultivation in organic system because of low grain yield and high infestation of leaves.
2.
Yields of winter wheat cultivated in conventional farming system were on average 45% higher than those produced in organic system. Research conducted in 2005-2007 on varieties: Roma, Kobra, Zyta, Sukces revealed that average yield differences between organic and conventional farming system were 19%. Lower yields in organic system, despite the same sowing rate, were caused by lower number of spikes per m 2 (25% on average) and slightly lower grains weight (15%).
3.
Weed communities differed in years and between tested varieties. The lowest level of weed infestation was observed in 2008 (19-46 g m -2 ), whereas the biggest dry matter of weeds was noted in 2010 (170-345 g m -2 ), which was related to sparse canopies after winter. The comparison of common wheat and spelt wheat varieties showed the highest level of weed infestation in Kobra Plus, Bogatka and Tonacja canopies. The lowest number of weeds at dough stage was shown by Smuga, Ostka Strzelecka and spelt Schwabenkon.
Weed infestation was significantly influenced by wheat plant density, dry matter and plant height.
4.
Stem base diseases has a lower importance in organic farming system than have leaf diseases. Kobra Plus and Bogatka showed the highest resistance to leaf fungal diseases.
5.
Higher infestation rates by leaf diseases and lower nitrogen supply to the crop under the organic system caused a decrease of total grain protein content compared to that under conventional system. Spelt Schwabenkorn produced grains with the highest protein content.
Estimation of spring wheat varieties suitability for cultivation in organic farming
In organic farms spring wheat is much more popular than winter wheat. The reason for that is that weed infestation in spring wheat is easier to control than in winter wheat, also fungal diseases in spring wheat are less common. Moreover, it is sown after late-harvested proceeding crops (vegetables, potatoes, fodder crops and intercrops). Spring wheat is also a valuable protective crop for undersown papilionaceous plants and grasses [29] .
In organic system the yield of spring wheat, mean for 9 tested varieties, ranged from 4.7 t ha -1 in 2008, when the weather was favourable for plant growth, to 2.8 and 3.1 t ha -1 in other years ( Table 13 ). The higher yield of spring wheat in 2008 than in the other two years of the study could be caused by higher rainfall in autumn and winter. The sum of rainfall for 6 months of 2007/2008 (X 2007 -III 2008) reached 146 mm, whereas in the subsequent years it reached approximately 220 mm ( Table 2 ). This could cause leaking of mineral nitrogen into the deeper layers of soil resulting in an impaired nitrogen supply to plants. The effects of deficiency became especially manifest in the springtime period of rainfall shortage, when intensity of biological processes slowed down. Such weather conditions prevailed in 2009 and 2010.
Cvs. Nawra and Bryza had the lowest yields while Tybalt, Żura, Zadra and Vinjett were the highest yielders (Table 13 ). Among those varieties Żura showed the most stable yields (3.31 -4.86 t ha -1 ), whereas Tybalt's yields were the most differentiated (6.16 -2.43 t ha -1 ). An extremely high plant density as well as grains weight was the main reason of high wheat yields in 2008. Likewise the weed infestation in this year was very low (Table 15 ).
During the 3-year period of research, yields of spring wheat cultivated in organic farming system were on average lower by 1.86 t ha -1 (34%) than those in conventional farming system (Table 13- 14) . The difference in yields from organic vs conventional system across the years ranged from 30% in 2008 (high yields) to 36% in 2009 (very low yields). Yield comparison between organic and conventional system showed that Parabola's yield was the most influenced by the farming system (38%) while the yields of the other varieties differed from 32 to 33%.
A lower yields in the organic farming system was caused by lower ear density and inferior grain weight (Table 13- 14) . Ear density was lower on average by 16% (from 14-15% in cvs.
Bombona and Vinjett to 20% in cv. Tybalt). Thousand grain weight of wheat cultivated in organic farming was also lower by 16% than that in conventional farming system. Thousand grain weight of Tybalt was reduced only by 9% while that of Parabola showed decrease by 22% (when in organic vs. conventional farming system). (Table 15 ). Dry matter of weeds ranged from 7 g m -2 in 2008 (very successful wheat cropping) to 57 g m -2 in 2009 (worse stand density and uniformity due to unfavorable weather conditions). Chenopodium album and Stellaria media were the most common weed species throughout the years of the study. In 2010, weeds that are hard to control and more competitive to wheat were common (Cirsium arvense, Anthemis arvensis and Galium aparine).
The competitiveness against weeds of spring wheat sown with the clovers and grasses was depended on morphological features of wheat varieties, plant density and biomass of undersown crop. Whether conditions were also a major factor affecting weed infestation as they affected the emergence rate of wheat and clover-grass mixture and its further development.
A dense canopy of the undersown crop in 2008 resulted in a higher competitive abilities of spring wheat which had suppressed the growth of most weeds. On the other hand, a sparse stand of wheat in 2009, despite a good development of the undersown crop, resulted in weaker competitive abilities against weeds. Weed infestation in conventional farming system, where wheat was cultivated in pure sowing and herbicides were applied, was 4 times lower than in organic system (Table 15, 16) . Also the dry matter of weeds was 3.5 times lower than that in organic farming. Cv. Vinjett showed statistically the lowest dry matter of weeds, while Parabola was the most weed-infested variety ( The differences in weed dry matter in spring wheat cultivated in organic farming were not statistically significant (Table 15 ). The competitive abilities of winter wheat varieties against weeds differ more than those of spring wheat varieties [2, 3, 30] . Bombona and Raweta were the tallest varieties and they also showed the lowest rate of weed infestation and dry weight of weeds (77 and 88 plants m -2 , 25 and 28 g m -2 respectively). Cvs. Bombona, Raweta and Vinjett were also characterized by a big density of plants and number of ears per unit area which could have resulted in a limited weed growth. Bryza and Tybalt were the most weed infested varieties (105 and 114 plants m -2 , 44 and 48 g m -2 respectively). Cv. Parabola also showed a high level of weed dry matter (Table 15 ). Cvs. Parabola, Tybalt and Nawra were characterized by the lowest number of ears per m 2 (Table 13) .
Weed infestation is one of factors that can limit the yield of spring wheat. In 2008 the level of weed infestation was so low (less than 10 g m -2 ) that it could not have significantly affected the yields of spring wheat ( Figure 6 ). Cv. Tybalt, which was one of the least prone to stem and leaf fungal diseases (Table 17, 18) , yielded the highest (6.16 t ha -1 ), whereas the yield of the other varieties was similar (4.13-4.86 t ha -1 ). In 2009, lower yields were found in those varieties which were more weed-infested than others (Tybalt, Bryza, Parabola -approximately 80 g of weed dry matter per 1 m 2 ) ( Figure 7) . In 2010, weed dry matter did not exceed 60 g m -2 and there were no significant differences in yield between varieties which may suggest that this level of weed infestation did not affect the yields (Figure 8 ). This is confirmed by the research results of Kapeluszny [31] in which the decrease of wheat yield occurred when weed infestation reached 96 plants per m 2 (62 g m -2 of dry matter) at dough stage. It is worth noting that cv. Nawra gave the lowest yields in 2009 and 2010 despite a small weed infestation, indicating that other factors could have affected the yields of this variety (Figure 7, 8 ). Susceptibility to diseases is one of the factors that should be taken into account when evaluating the usefulness of cereal varieties in organic farming. The intensity of stem base diseases in spring wheat was low throughout the research years (Table 17) . Fusarium spp. pathogens were the most common. According to the literature review, diseases caused by Fusarium are not more often in cereals grown in the organic system than in the conventional one (this also applies to mycotoxin content) [32, 33] . Cvs. Tybalt, Nawra and Żura were slightly more resistant to those diseases while Bombona and Parabola were more susceptible. * data marked with the same letters do not differ significantly at α=0.05 Table 17 . The infestation index (%) of roots and stem base of spring wheat in organic system at milk-dough stage
The damage of flag and underflag leaves by fungal pathogens was different among varieties and years, but in no case it was significant (Table 18 ). Cv. Tybalt showed the lowest (almost none) damage rate to its flag leaves at milk-dough stage, and its underflag leaves were just a little more damaged in 2009. On the other hand, Cv. Parabola was the most susceptible to fungal damage. With increasing fungal leaf diseases, the thousand grain weight decreased ( Table 13 ). Incidence of fungal diseases in conventional farming system, due to the use of fungicides, was low. The thousand grain weight of conventionally cultivated wheat was higher by 14 to 31% than that of organic farming for cv. Parabola, and from 7 to 12% for cv. Tybalt.
Spring wheat was infested by different species of pathogens in different years. In 2008, Puccinia recodita was the most frequent disease. In that year, cvs. Żura and Zadra were also strongly infected with Erysiphe graminis. In 2009, there was no dominant pathogen species. Vinjett and Żura were infected with Sepptoria spp. and Dreschlera tritici-repentis, Bombona, Bryza and Zadra with Puccinia recodita and Erysiphe graminis while in Parabola all pathogen species occurred with similar intensity. Puccinia recodita and Sepptoria spp were the most common pathogens in 2010 in all varieties.
These small damage of flag and underflag leaves of spring wheat was due to favorable weather conditions. The sum of rainfall in June and July was generally lower than in the long-term average, while the average temperatures were significantly higher than in the long-term average (Table 12 ). Such pattern of weather conditions is not conductive to fungal diseases.
The analysis of correlation showed negative correlation between grain yield of spring wheat and weed infestation parameters at dough stage (Table 19 ). This correlation was weaker than that observed for winter wheat (Table 11 ). There was no significant correlation between grain yield and stem and leaf infestation by fungal pathogens (Table 19 ). Significant correlations between weed infestation and infection by fungal diseases were determined.
The cluster analysis based on grain yield, fungal infestation, weed abundance at dough stage allowed the division of varieties into 3 groups with similar characteristics ( x * significant at α=0.05 The results obtained in the study does not give a clear assessment of suitability of the tested varieties to organic farming. As judged by the crop yields, cvs. Bryza and Nawra do not seem to be the best choice for the organic farming system (although they were as resistant to fungal diseases as the others). However, cv. Bryza showed lower competitive abilities against weeds that other varieties did. Also cv. Parabola, due to the higher infestation by weeds and diseases as well as because of small weight of grains (as compared to conventional system) is less suitable for organic farming system. On the other hand, cv. Tybalt should be preferred in the organic farming system due to its resistant to fungal leaf and stem diseases. Unfortunately, yields of cv. Tybalt were highly variable over the study years. It can also be assumed (although this was not investigated), that in the 3-year research period, availability of nitrogen and its uptake, besides weeds and disease infestation, had a strong influence on the yields of spring wheat varieties [12] .
Summary
1.
Among the nine compared varieties, cvs. Tybalt and Żura produced the highest yields, while cvs. Bryza and Nawra yielded the lowest.
2.
Crop yields were on average 34% lower in the organic system than in the conventional one. The differences were from 32% (cvs. Tybalt and Vinjett) to 38% (cv. Parabola). Lower yields in organic farming system were caused by lower ear density and thousand grain weight (both showing a reduction of approximately 16%).
3.
The weed infestation of spring wheat was strongly limited by undersown crops (clovergrass mixture). The dry matter of weeds averaged 36 g m -2 over the research years (from 7 to 57 g m -2 ). The lowest dry matter of weeds was observed in Bombona, Raweta, Nawra and Vinjett which had a bigger density of canopy.
4.
In the 3-year period a minor incidence of stem base and leaf diseases was observed due to an appropriate crop rotation (stem base diseases) and favourable weather conditions in June and July (fungal leaf diseases). Cv. Parabola was more susceptible, while cv. Tybalt was more resistant to those diseases than the other varieties.
Conclusions
The yielding of cereals in organic system was lower than in conventional system. In case of winter wheat, the yield was on average 45% smaller in organic system than in conventional one. This low yield of winter wheat in organic system in years of research was mostly connected with unfavorable weather conditions in growing season 2009/2010. Winter wheat cultivars selected for organic farming should be characterized by high winter hardiness, because in this farming system is difficult to compensate for the effects of adverse weather conditions. Cereal canopy with a smaller plant density after winter is more susceptible to weed infestation. Earlier studies conducted on another set of winter wheat varieties (Roma, Kobra, Zyta, Sukces) showed a difference in the yields between organic and conventional systems by 19%. The difference in cereal yields in organic vs. conventional systems are due to lower density of ears, weed infestation, leaves diseases and nutrients deficiency [6, 9, 11, 12, 14, 20] .
Tested varieties were differed in their yielding and competitiveness against weeds as well as resistance to fungal diseases. Smuga variety gave the highest yield whereas Ostka Strzelecka and spelt Schwabenkorn the lowest one. In case of spring wheat, 34% less grain yield on average was obtained in organic system than in conventional one. Among compared varieties of spring wheat cultivated in organic system, cvs. Tybalt and Żura, were characterized by the highest yield, while Bryza and Nawra had the smallest yield.
Analysis of correlation showed that grain yield of winter wheat and spring wheat was affected by number and dry matter of weeds. These relations were stronger for winter wheat varieties than for spring wheat varieties. Grain yield of winter wheat was also influenced by leaves infestation by fungal pathogens. There was no correlation between grain yield of winter and spring wheat in organic system and stem base diseases in the research period 2008-2010.
In the organic system weed infestation in cereals is generally greater than in the more intensive crop production systems where herbicides are used [34, 35] . However, the application of agricultural practices according to Good Agricultural Practices, proper crop rotation, delaying sowing time, increasing the amount of seed, maintaining good soil structure, with a high content of organic matter allows to keep the weeds at a level not causing a significant yield decrease [22, 36] . The results show high efficacy of weed control in spring wheat in the organic system by the interaction of 5-year crop rotation, successful undersown clover with grasses and dense canopy of wheat with large ability to compete with weeds. The effectiveness of mixed crops of cereals with legumes in reducing weed confirms the results of other authors [36, 37] .
The competitive ability against weeds of winter and spring wheat varieties differed due to canopy parameters and morphological features. The level of weed infestation was influenced by parameters of wheat canopy: density and dry matter of wheat, as well as the height. Among modern varieties there are some with high competitive potential against weeds, for example cv. Smuga, which also has a greater yielding potential than old varieties. The competitive ability of spelt with weeds depends on the variety and habitat conditions [38] . Among spring wheat varieties the greatest suppressive ability against weeds were cvs. Bombona and Raweta.
In organic system stem base diseases were unimportant, contrary to leaves diseases. The dominant pathogens were: Puccinia recondita and Septoria spp. In case of spring wheat, greater susceptibility to fungal pathogens characterized cv. Parabola, while a smaller -cv. Tybalt. Among winter wheat varieties Kobra and Bogatka were the most resistant to fungal diseases leaves in organic farming conditions.
The old varieties of winter wheat: Ostka Kazimierska, Kujawianka Więcławicka, Wysokolitewka Sztywnosłoma had big potential to weed suppress, but were not very useful for cultivation in organic system, because they yielded 36% lower compare to modern varieties and were also strongly damaged by stem and leaf fungal diseases [20] .
